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Establishment of a Cell Line Retaining Langerhans Cell Characteristics 
BRIAN BERMAN, M_D., PH.D., AND DENNIS S . FRANCE, B.A. 
Research Service, Veterans Administration Hospital, New York, New Yorh, U.S.A. 
A discontinuous gradient of polyethylene glycol (PEG) 
with dimethyl sulfoxide (DMSO) was used to induce fu-
sion between guinea pig epidermal cells (GPEC) enriched 
in Langerhans cells (LC) and cells of a human fibrosar-
coma line (T-1080) deficient in hypoxanthine phospho-
ribosyl transferase (HPRT). The rapidly proliferating 
carrier T-1080 cells lack plasma membrane ATPase ac-
tivity, Fe receptors, C3b receptors, guinea pig !a-anti-
gens, and nonspecific esterase activity, all characteristic 
of LC, and absent on other guinea pig epidermal cells. 
GPE/T-1080 hybrid cells were selected in hypoxanthine/ 
aminopterin/thymidine (HAT) medium and by C3b and 
Fe rosette formation. A resultant continuous cell line 
was characterized karyotypically, histochemically, ul-
trastructurally and immunologically. 
Keratinocytes, melanocytes and supra basal dendritic Langer-
hans cells (LC) are the 3 populations of cells present in the 
mammalian epidermis. LC comprise a constant component of 
the guinea pig epidermis, approximately 900 cells/ mm2 [1] and 
3-4% of the total cell population [2]. Although the origin and 
function of LC have been a matter of conjecture and theory 
ever since their discovery by Paul Langerhans in 1868 [3], 
similarities between LC and macrophages have been reported . 
These similarities include plasma membrane 5' -adenosine tri-
phosphatase (ATPase) activity [4], ability to migrate [5], !a-
histocompatibility antigens [2,6,7] Fe receptors [8], C3b recep-
tors [2,9] nonspecific esterase activity [10-12], the ability in 
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Abbreviations: 
ATPase: adenosine triphophatase 
BE: bovine red blood cells 
BEAigG: BE sensitized with anti-BE lgG 
DGVB++: dextrose gelatin veronal-barbital with calcium and mag-
nesium 
DMSO: dimethyl sulfoxide 
Ll.FCS: heat inactivated fetal calf serum 
GPEC: guinea pig epidermal cell(s) 
GVB--: gelatin veronal-barbital 
HAT: hypoxanthine/ aminopterin / thymidine 
HPRT: hypoxanthine phosphoribosyl transferase 
Ia: immune associated 
IgG: immunoglobulin G 
IgM: immunoglobulin M 
LC: Langerhans cell(s) 
MEM: minimal essential medium 
PEG: polyethylene glycol 
PBS: phosphate buffered salin e 
SE: sheep red blood cells 
SEAlgM: iJJf_§ensitized with anti-SE IgM 
SEAigMC1(42"'"3b): SEAigM sensitized with the fu·st (fourth, 
oxidized second, third) component (s) of human complement 
SPA-FITC: Staphylococcal protein A-fluorescein isothiocyanate 
conjugated 
T-1080: human fibrosru·coma cell line 
U: human amnion cell line 
vitro to transfer antigen in lymphocyte stimulation [13] , and 
bone marrow derivation [14]. It has been proposed that LC 
constitute a reticuloepithelial network and play a pivotal role 
in the primary immune response [15]. 
Two major restraints upon investigators have been their 
inability to isolate sufficient numbers of LC and the inability of 
LC to proliferate in vitro. Somatic cell hybridization provides 
a useful tool for the establishment of a cell line when at least 
one parent has contributed a capacity to proliferate. Polyeth-
ylene glycol (PEG) has been shown to form hybrid cells capable 
of indefinite multiplication at rates at least as high as those 
obtained with Sendai virus [16]. We have employed a discon-
tinuous gradient of PEG to fuse cells of a rapidly proliferating 
human fibrosarcoma line (T-1080) with guinea pig epidermal 
LC and have characterized a resultant cell line karyotypically, 
histochemically, ultrastructurally and immunologically. 
MATERIALS AND METHODS 
Buffers, Tissue Culture Medium, Cell Lines and Culture Conditions 
Sterile minimal essential medium (MEM) with Eru·le's salts supple-
mented with 100 U penicillin/ ml + 0.25 mg amphotericin B/ ml + 100 
U 1jtreptomycin/ ml + 60 mg tylocine/ ml was prepared froq1 stock 
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FIG 1. Effect of HAT on T-1080 guinea pig epidermal and U cell 
d ivision and viability. Multiple 35-mm tissue cul ture plates containing 
3.4 x 105 T-1080 cells (0) , 2.9 x 105 GPEC (0 ), or 8.2 x 105 U cells 
(L'.) in 3.0 ml MEM + 15% Ll.FCS were incubated at 37°C in 5% CQ., in 
the presence or absence of HAT, At intervals the cultured cells w~re 
collected, counted (--) and tested for viability (-- - ) by trypan blue 
exclusion and percent control (HAT absent) determined. 
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solu t ion (Grand Island Biological Company, Grand Island, NY) . Sup-
plemented MEM was used throughout and is designated as MEM. 
Heat inactivated fetal calf serum (.:lFCS) was obtained from Grand 
Island Biological Co., as was Dulbecco's phosphate buffered saline, 
calcium and magnesium free (PBS) and trypsin/EDT A in PBS. Gelatin 
veronal-barbital buffers (GVB--) and dextrose GVB-- with calcium 
chloride a nd magnesium chloride (DGVB++) were prepared as de-
scribed [17,18] and sterilized by filtration through 0.20 U Nalgene ftlters 
(Nalge Co., Rochester, NY) as were stock solu t ions of hypoxanthine, 
glyc ine, thymidine and a minopterin in MEM (Sigma Chemical Co., St. 
Louis, MO). Hybridized cells were cultured in 75 cm2 plastic flasks 
(Kramer Scientific, New York, NY) containing MEM + 0.36 mg hy-
poxanthine/! + 4.5 mg aminopterin/ 1 + 0.6 mg thymidine/ !+ 0.75 mg 
glycine/1 (HAT) +50% .:lFCS and incubated at 37°C in a humidified 
5% C02 incubator and subcul tured when confluent. Unless indicated, a 
human fibrosarcoma cell lines (T-1080) and a human amnion cell line 
(U) were cult ured similarly but in the absence of HAT. 
Histo chemistry: Histochemical analyses were performed as previ-
ously described [12]. 
Preparation of Guinea Pig Epidermal Cell (GPEC) Suspension and 
Enrichment 
Sin gle cell suspensions of Hartley strain guinea pig epidermal cells 
were prepared according to the method of Sting! et al [2]. Approxi-
mately 1 x 107 GPEC (4 .9% ATPase positive) / 5 ml MEM + 10% .:lFCS 
were layered on acid soluble rat tail collagen-coated [19] plastic tissue 
cul ture plates (Kramer Scientific, New York, NY) at 1.0 mg/cm2 and 
incubated for 8 hr at 37° in a humidified 5% C02 incubator. Nonadher-
ent cells (23.2% ATPase positive) were then collected, and washed 3 
times in 37° MEM, and designated "LC-Enriched" GPEC (95% viable 
as determined by trypan blue exclusion) . 
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PEG-Induced Fusion of GPEC and T -1080 Cells and Isolation of 
Hybrids 
Cell fusion was induced employing a combination of the techniques 
of Vaughan, Hansen, and Stadler and Norwood, Zeigler , and Martin 
[20,21]. GPEC enriched in LC (23.2% ATPase positive), prepared as 
described a bove, were added to an equal number (1.25 X 108 ) of T -1080 
cells, resuspended in 1.0 ml of 37°C MEM + 10% DMSO and layered 
on top of a discontinuous gradient of PEG 1000 (J.T. Baker Chemical 
Co., PhiUipsburg, NJ) at 37°C, which, from top to bottom, consisted of 
the following concentrations of PEG in MEM + 10% DMSO: 1% (2.0 
ml) , 7% (2.0 ml), 15% (2.0 ml) , 25% (2.0 ml) and 44% (1.0 ml). In 
preliminary experiments it was dete rmined that 44% PEG was the 
optimum concentration to induce the formation of viable binucleated, 
GPEC and T -1080 fused cells. The gradients were centrifuged at 800 g 
for 1 min at room temperature and the PEG slowly diluted. T he 
resultant cells were cultured in ME M + 15% .:lFCS +HAT at 37°C in 
a humidified 5% C02 incubator. Medium was changed after 24 hr and 
after 3 days. On day 7 the cultured cells were collected and Fe and C3b 
rosettes [9] formed , and rosetted cells isolated by sterile Ficoll-Hypaque 
gradient separation. Cellular in termediates were formed using sheep 
erythrocytes sensit ized with rabbit anti-sheep lgM and pmified com-
ponents of human complement (Cordis Laboratories, Miami, FL) ac-
cording to established procedures [25-27]. Rosetted cells were sus-
pended in 15% .:lFCS + HAT and incubated with medium changes 
twice weekly unt il confluency. Subcultme of isolated C3b and Fe 
rosettes was performed a total of 5 times over 6 months and led to the 
establishment of a cell line which was selected for the presence of these 
receptors, and designated "GPE/ T-1080 hybrid cell line." 
HAT toxicity: Three ml of MEM + 15% .:lFCS with and without the 
addition of HAT, containing either GPEC (2.9 X 105 ), U cells (8.2 X 
105) or T-1080 cells (3.4 X 10°) were incubated in 35-mm plastic tissue 
FIG 2. Ultrastructure of GPE/ T-1080 hybiTd cells. a, E lectronmicrograph revealing a lobulated nucleus (N), numerous mitochondria (M), 
polyribosomes (P) , lysosomes (L), rough endoplasmic reticulum (R) , and Golgi (G). (reduced from x9,400). b, Higher power electronmicrograph 
revealing numerous lysosomes. (reduced from X23,280). 
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culture plates at 37°C in a humidified 5% C02 incubator. At intervals 
the adherent cells were collected, counted and tested for viability by 
trypan blue exclusion. 
Chromosomal analyses: The chromosomal composition of GPE/ T-
1080 hybridized cells was determined and T-1080 markers identified by 
a modification of the trypsin-Giemsa technique described by Seabright 
[25] after a 3-hr exposure to 0.5 l'g colcemid per ml MEM + HAT+ 
15% 6-FCS. Alkaline Giemsa (G-11) staining was canied out according 
to the method of Friend, Chen, and Ruddle [26] for differential staining 
of human and rodent chromosomes. 
Immunofluorescence: Air-dried smears of GPE/ T-1080 hybridized 
cells were incubated in a 1:25 dilution of heat inactivated (56°C for 30 
min) strain 2 anti-strain 13 antisera (anti la 1, 3, 7) [27] in PBS at 4°C 
for 40 min and were washed with PBS. For simultaneous detection of 
Ia antigens and Fe receptors 5x 106 hybridized cells in suspension were 
similarly incubated, washed in PBS, incubated in fluorescein isothio-
cyanate conjugated staphylococcal protein A (SPA-FITC) 250 Jlg/ ml 
PBS for 30 min at 4°C and washed with 4°C PBS. These cells were 
they immediately rosetted with BEAigG [9] and smears prepared. Cells 
were fu·st viewed with phase contrast microscopy ·and the same field 
then examined under ultraviolet light so that a percentage of Fc-
rosetted and fluorescent cells could be determined, with at least 400 
cells counted. 
Electron Microscopic Examination of GPE! T-1080 Hybridized Cells 
Hybridized cells were processed according to the method described 
by Hirsch and Fedorko [28]. 
RESULTS 
Characterization of Parental (T-1080) Cell Line 
As shown in Fig 1, T-1080 cell division of viability in cultme 
were inhibited in the presence of HAT. After 6 days of cultme 
in the presence of HAT, no viable T-1080 cells were detected 
and remaining cells amounted to less than 0.1% of the number 
ofT-1080 cells in control cultmes. In contrast, the viability and 
division of guinea pig epidermal cells (GPEC) and of cells of a 
human amnion cell line (U) were unaffected by the presence of 
HAT. The following characteristics of guinea pig epidermal 
Langerha ns cells were not detected on or in T-1080 cells; plasma 
membrane-bound ATPase activity, Fe receptors, C3b receptors, 
non-specific esterase activity, Langerhans cell granules, and 
lobulated nuclei. 
Characterization of Continuous Line of GPEC/T-1080 
Hy bridized Cells 
A. Chromosomal analysis: Chromosomal analysis verified 
the T-1080 origin of the human parent with the identification 
of 2 perviously described markers [32]. Using alkaline Giemsa 
FIG 3. Nonspecific esterase-positive GPE/ T-1080 hybrid cell. High 
power light micrograph of a single GPE/ T-1080 hybrid cell histochem-
ically stained for the presence of flouride-resistant nonspecific esterase 
activity which is characteristic of guinea pig epidermal LC. (reduced 
from X1000). 
(G-11) staining to differentially stain human and rodent chro-
mosomes, the majority stained as human with 12-18% staining 
as rodent. 
B . Ultrastructural analysis: As seen in Fig 2a and 2b, GPE! 
T-1080 hybrid cells contain a lobulated nucleus, prominent 
Golgi and numerous lysosom es. No desmosomes, melanosomes, 
tonofilaments of LC granules were noted. 
C. Detection of Fe and C3g receptors: Upon incubation with 
either BEAlgG or SEAigMCl-3b, GPE/ T-1080 hybridized cells 
possessed the ability to form Fe (5.1% ± 0.1) and C3b (4.8% ± 
0.2) rosettes. No rosette formation were detected upon incuba-
tion with _li_E, SE, SEAigM, SEAigMCl, SEAlgMC14 or 
SEAigMC142oxy intermediates. 
D. Histochemical analysis: Eighteen hours after PEG fusion, 
large ATPase positive cells were detected but only 1.1% of the 
GPE/T-1080 h ybridized cells stained for membrane-bound 
ATPase activity. In contrast, 83.7% of the hybridized cells 
histochemically stained for the presence of flouride-resistant 
nonspecific esterase activity (Fig 3). 
E. Detection of guinea pig !a-Antigens: Cell-bound anti 
guinea pig Ia-1,3,7 IgG was detected on 4.2% of GPE/T-1080 
hybridized cells using SPA-FITC. No immunofluorescence was 
detected if the antiserum was omitted or when T-1080 cells, 
human epidermis, or guinea pig strain 2 epidermis were tested. 
Suprabasal immunofluorescence was detected when guinea pig 
strain 13 epidermis was tested. D etection ofla-antigens and the 
presence of Fe receptors on the same cell is shown in Fig 4a 
and 4b. 
_ ('\ 
FIG 4. Simultaneous detection of Fe receptors and guinea pig !a-
antigens on GPE/ T-1080 hybrid cells. GPE/ T-1080 hybrid cells were 
reacted with guinea pig strain 2 anti-strain 13 .serum and SPA-FITC 
and then rosetted with BEAigG. Although Fe rosette formation was 
partially inhibited by the prior treatment with antiserum, cells were 
detected exhibiting both Fe rosette formation, as seen with phase 
microscopy (a), and membrane fluorescence, as seen when the same 
area is viewed by fluorescent microscopy (b). X400). 
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Properties of parental and hybrid cells 
Trait Langerhans T-1080 Hybrid 
cells cells cells 
In Vitro proliferation + + 
Resistance to HAT + + 
Karyotype Guinea pig Human Human and ro-
dent 
Lobulated nucleus + + 
Langerhans cell granule + 
ATPase + +I-
Non-Specific esterase + + 
Guinea pig !a-antigens + + 
Fe receptor + + 
C3b receptor + + 
DISCUSSION 
The detection of human and rodent chromosomes in long-
term cultures of fused cells resistant to HAT and the appear-
ance and retention of guinea pig traits by these cells point to 
the hybrid nature of the cell line. Specifically Langerhans cell/ 
T-1080 hybridization is evidenced by detection of properties 
characteristic of guinea pig epidermal LC which are absent in 
T-1080 cells, keratinocytes and melanocytes (Table) . Although 
interspecific human-mouse hybrids are usually unstable and 
undergo selective loss of human chromosomes (29], human-
rodent hybrids prepared from cells isolated from fresh rodent 
tissue have shown a reverse pattern of rodent chromosome loss 
[30,31], as occurred in this study. Interestingly, the retention of 
the complete complement of human chromosomes with loss of 
rodent chromosomes has been reported in hybrids between 
HT-1080 and mouse macrophages [32]. 
The detection of intermediate levels of expression of gene 
products characteristic of LC and macrophages by the hybrid 
cells is not unexpected because of similar observations in in-
traspecific macrophage hybrids (33], and in several other hybrid 
systems [34-36]. Low levels or absence of detectable gene 
products on hybrid cells could be due to chromosome loss, low 
density, incomplete synthesis (37], suppresion (38,39], masking 
(40], or degree of maturation [12,41]. Unlike mouse macro-
phage-L cell hybrids which lack Fe and complement receptor 
activity [35], a constant proportion (4-5%) of GPE/T-1080 
hybrids exhibited both Fe and C3b rosette formation, possibly 
because of the inability on the part of human nonmacrophage 
chromosomes to suppress guinea pig LC ("macrophage") chro-
mosomes. 
The availability of large numbers of hybrid cells may allow 
for the detection of other macrophage functions such as com-
plement and lysozyme production not as yet described to occur 
in Langerhans cells and karyotypic analyses of cloned hybrid 
cells may allow for gene assignment of macrophage properties. 
Dr. Sandra R. Wolman and Sandra Bornstein performed the chro-
mosomal analyses. 
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DISCUSSION 
EDELSON: Why have you chosen a xenogeneic system in which loss 
of guinea pig chromosome materia l is likely and lack of stability of your 
clones can be anticipated? Specifically, would it be prefera ble to use 
a minopterin-sensitive fibrosarcoma cells from the same species from 
which you obtained Langerhans cells? 
BERMAN : If there were an equivalent cell to the T-1080 fibrosarcoma 
cells that was guinea pig that would be ideal. Ini tially, we chose human 
as the calTier cell because the human chromosomes can be lost in 
hybrids. We were hoping that the majority of the chromosomes would, 
indeed, be guinea pig but, in fact, using the T -1080 cells it has been 
shown that when they fused with other macrophages, the human 
chromosomes were retained specifically. 
DvoRAK: Are the characteristic cytoplasmic granules retained when 
unfused guinea pig Langerhans cells are cultm ed in vitro? 
BERMAN: I have not really studied that other than for 14 days during 
which t ime I have kept the guinea pig epidermal cells in single cell 
suspension in cultm e. We looked with electronmicroscopy and granules 
can be detected within these cells at 14 days but a quan titation of the 
number of cells retaining has not been done. 
STINGL: After being exposed to anti-la sera and FITC-SPA, LC 
visually display membrane fluorescence. In your pictm es, LC exhibit 
homogenous fluorescence after being reacted with anti-Ia and FITC-
SPA. What is the explanation for that? 
BERMAN : Actually, we have seen both rim and this more homoge-
neous material, I do not have an explanation for that. 
KATZ: It is surprising that you were able to detect the Fc-IgG 
receptors after incubation with the alloant isera . We inhibited rosette 
formation almost completely by preincubation with an ti-Ia sera (J 
Jmmunoll20:570, 1978) . 
BERMAN : These cells are hybrid cells and the number of actual Ia-
antigens on the sw·face may be much fewer than the ones in your study 
where you used inbred strains. Al though we did see 75% inhibit ion, we 
still saw some cells that retained the Fc-IgG receptor activity. 
TIGALAAR: I realize there may be many reasons why all the cells 
from a fused cell Line in vitro may express the same surface markers. 
But in view of the fact that only a bout 4% of the cells express readily 
detectable Ia antigen (or Fe or C3 receptors for that matter) , have you 
at tempted to select again for that marker and then fo rmally clone yom 
population? 
BERMAN : There are a number of possibilit ies for the in termediate 
level of any gene expression in a hybrid cell, specifically with macro-
phages. Possibly there is a masking effect by trypsinization on the other 
cells, or possibly there is a suppression by the human chromosomes 
also shown in other systems. We have not tried to formally clone from 
individual cells. Now having so many cells, it is probably possible to 
start cloning. In the init ial studies, it would have been almost impossible 
to do so. 
PINc us: Are there a ny circumstances under which the cells can be 
induced to become dendritic or phagocytic? 
BERMAN: We have not studied any of those proper t ies at this point. 
STREILEIN: Does the a nt i-Ia reagent you used cross-react wi th hu-
man HLA-D/ DR antigens and is human chromosome #6 included in 
your fusion product? 
B ERMAN: It did not cross-react with the T -1080 cells but they may 
not have expressed it. Human chromosome #6 is included in the fusion 
product. 
STREILEIN: What maneuvers do you plan to induce the hybrid cells 
to express additional Lange1·hans cell phenotypic markers? 
BERMAN : We have some preliminary evidence to suggest t hat some 
of the characteristics of LC are proportional to the matmity of the cell 
type. Possibly even the LC granule is in an end stage LC and in these 
cultm es in which there are very rapidly prolife rating cells (that are 
subdivided and subcultw·ed every 2 days) we are not giving the cells 
enough time to try to go to their final diffe rent iation. Using a variety 
of factors such as colony stimulating factor, DMSO, cyclic AMP (factors 
used in other systems) we will try to induce or allow for differentiation 
d~~ . 
